
REVIEW

Gonadotropins in doping: pharmacological basis
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Parenteral administration of human chorionic gonadotropin (hCG) or luteinizing hormone (LH) stimulates the production of
testosterone in males and these gonadotropins can therefore be used by athletes to enhance muscle strength. However, they
are more expensive and less efficient than testosterone and anabolic steroids. Therefore their main use is probably to stimulate
gonadal testosterone production during and after self-administration of testosterone or anabolic steroids. A positive effect of
hCG on muscle strength has not been demonstrated in women and elevated concentrations of hCG in females are often
caused by pregnancy. The use of gonadotropins is therefore prohibited only in males but not in females. HCG occurs at low
but measurable concentrations in plasma and urine of healthy males and can be measured by sensitive methods. However, the
characteristics of the method to be used for doping control have not been defined. Virtually all commercially available hCG
assays have been designed for determination of hCG in serum rather than urine, which is used for doping control. Methods
based on mass spectrometric detection of fragments derived from hCG extracted from urine by immunoadsorption have been
developed but their suitability for doping control remains to be determined. The concentrations of LH in serum and urine are
variable and more then 10-fold higher than those hCG. It is therefore difficult to detect illicit use of LH. The characteristics and
reference values for hCG and LH assays used in doping control and the cutoff values need to be defined.

British Journal of Pharmacology (2008) 154, 569–583; doi:10.1038/bjp.2008.102; published online 14 April 2008

Keywords: gonadotropins; hCG; LH; immunoassay; mass spectrometry; doping control; doping

Abbreviations: CTP, C-terminal peptide; ESI, electro spray ionization; FSH, follicle stimulating hormone; hCG, human
chorionic gonadotropin; hCGn, nicked human chorionic gonadotropin; hCGb, free b subunit of hCG; hCGbn,
nicked free b subunit of hCG; hCGa, free a subunit of hCG; hCGh, hyperglycosylated hCG; hCGbcf, core
fragment of hCGb; GnRH, gonadotropin releasing hormone; GPH, glycoprotein hormone; GPHa, free a
subunit of glycoprotein hormones; hCGa, free a subunit of hCG; IU, international unit; LH, luteinizing
hormone; MALDI–TOF, matrix-assisted laser desorption and ionization—time of flight; MS, Mass spectrometry;
rhLH, recombinant human LH; rhCG, recombinant human chorionic gonadotropin; TSH, thyroid-stimulating
hormone

Introduction

Human chorionic gonadotropin (hCG) is a glycoprotein

produced at high concentrations by the trophoblasts of the

placenta (Stenman et al., 2006). HCG and luteinizing

hormone (LH) exert the same activity, that is, they stimulate

the production of testosterone in the testicles of males and

progesterone and estradiol in the female ovaries. The half-

life of hCG is longer than that of LH and pharmaceutical

preparations are more readily available. It can therefore be

used by male athletes to increase testosterone production

and to normalize testicular testosterone production that is

suppressed during and after prolonged use of anabolic

steroids. In women, hCG has not been shown to provide a

clear beneficial effect on athletic performance, and further-

more detection of hCG is considered an intrusion on the

privacy of a pregnant athlete. Thus the use of hCG and LH is

illegal in male but not in female athletes (Handelsman,

2006). Determination of hCG in urine is used to detect illegal

use in male athletes and cutoffs between 10 and 25 IU/l have

been recommended, (Kicman et al., 1991; Laidler et al., 1994;

Gam et al., 2003). World Anti-Doping Agency states that the

hCG assay used should have a detection limit of at least 5 IU/l,

but recommendations regarding assay specificity have not

been issued. The pituitary produces hCG at low concentra-

tions that can be detected in serum and urine of men and

nonpregnant women by sensitive methods. Furthermore,

about half of the hCG immunoreactivity in urine consists of

the so-called core fragment (hCGbcf) of the b subunit of hCG

(hCGb), which most hCG assays do not detect. There are no
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recommendations regarding the use of LH determinations

for doping control.

Secretion of pituitary LH and hCG (and FSH) is regulated

by gonadotropin releasing hormone (GnRH), which is

available as a pharmaceutical preparation. GnRH and its

analogues can be used to restore testicular function after the

use of anabolic steroids and they could also be used to

increase gonadotropin and testosterone secretion for doping

purposes. This would be difficult to detect and there are no

reports on such use.

The physiological basis for the use of hCG and LH in

doping has been extensively reviewed (Kicman et al., 1991;

Kicman and Cowan, 1992; Handelsman, 2006). This review

will focus on the pharmacological basis for the use of

gonadotropins for doping and on analytical requirements for

the methods used to measure them as well as reference and

cutoff values.

Biochemistry of hCG and LH

HCG belongs to the glycoprotein hormone (GPH) family

that also comprises LH, follicle stimulating hormone (FSH)

and thyroid stimulating hormone (TSH). The GPHs are

heterodimers consisting of an a (GPHa) and a b subunit. The

a subunit contains 92 amino acids and is identical in all

GPHs whereas the b subunits are different and confer

biological specificity. The b subunits display considerable

homology; that between hCG and LH being about 80%

whereas that with FSHb and TSHb is lower. HCGb contains

145 and LHb 121 amino acids, the difference being due to a

24 amino acid extension on hCGb, the so-called C-terminal

peptide (CTP) (Pierce and Parsons, 1981).

HCG is highly glycosylated, one third of the mass being

attributed to eight carbohydrate moieties. Each subunit

contains two N-linked and the CTP on hCGb four O-linked

oligosaccharides (Kessler et al., 1979a, b; Elliott et al., 1997).

Owing to variation in the content of terminal sialic acid on

the carbohydrate chains, hCG displays extensive charge

heterogeneity with pI values ranging from three to seven.

HCG produced in early pregnancy and by trophoblastic

cancer contains more complex carbohydrates than that

produced later in pregnancy (Mizuochi et al., 1983; Elliott

et al., 1997; Birken, 2005). The proportion of this so-called

hyperglycosylated hCG (hCGh) decreases to a few per cent

after 10 weeks of pregnancy (Kovalevskaya et al., 2002). Thus

little hCGh occurs in commercial hCG preparations prepared

from pregnancy urine, which are commonly used for

doping.

The MW of the major form of pregnancy hCG calculated

on the basis of the sum of the peptide and carbohydrate

moieties is 38 931 but because of heterogeneity of the

carbohydrates moieties the MW displays a wide spectrum

of values (Valmu et al., 2006). The average MWs of hCGa,

hCGb and intact hCG isolated from a commercial hCG

preparation are 14 000 and 23 500 and 37 500, respectively

(Birken et al., 2003). The lower MW of this hCG is explained

by partial degradation of the carbohydrate moieties.

Part of hCG and hCGb in urine is nicked (abbreviated

hCGn and hCGbn), that is, the peptide chain is cleaved at

various positions between amino acids 44 and 48 (Cole et al.,

1991). Nicked forms of hCG may also occur in serum

especially from patients with an hCG-secreting tumour

(Valmu et al., 2006).

When excreted through the kidneys, much of hCG is

degraded proteolytically and about half of the immuno-

reactive hCG in urine consists of a fragment of hCGb called

the beta-core fragment (hCGbcf). It consists of amino acids

6–40 and 55–92 linked by disulphide bridges and two

truncated carbohydrate moieties on Asn 13 and 30 (Birken

et al., 1988; Stenman et al., 1993).

LH is a 31 kDa glycoprotein containing N-linked glycosyla-

tion sites on asparagines 49 and 75 on the a subunit and on

asparagine 30 on the b subunit. The processing of N-linked

carbohydrates is tissue- and hormone-specific. LH and TSH

carry sulphated oligosaccharides and N-acetylglucosamine at

their carbohydrate termini whereas the carbohydrates on

hCG (and FSH) carry terminal sialic acid and galactose. These

differences are thought to determine the longer half-life of

hCG in circulation (Baenziger et al., 1992; Manna et al.,

2002). However, sulphated LH isolated from urine and

recombinant LH, which was sialylated, have been found to

have identical half-lives (le Cotonnec et al., 1998a). Like

hCG, a major part of the LH immunoreactivity in urine

consists of a fragment (LHbcf) resembling hCGbcf

(O’Connor et al., 1998).

Standards for various forms of hCG and LH

WHO issues standards for hCG that are calibrated in

international units (IU). So far all standards have been

calibrated against the preceding one by bioassay. The

presently used 3rd and the identical 4th international

standards (3rd and 4th IS) were initially available from NIH

as CR119 (1st IRP) (Canfield and Ross, 1976) and were

adopted as WHO standards in 1980 (Storring et al., 1980). In

the standard for hCG (75/537), 1 mg of hCG corresponds to

about 9.3 IU. The free subunits lack hCG activity and

therefore the standards for hCGb (75/551) and hCGa (75/

569) were assigned values based on mass with 1mg corre-

sponding to 1 IU (Storring et al., 1980). Thus their units are

not comparable to those of hCG. Table 1 shows the

relationship between the units for hCG and its subunits.

Most commercial hCG assays measure hCG and hCGb
together and the results are expressed in IU/l based on the

units for hCG.

Table 1 Comparison of WHO units (IU), mass units (mg) and substance
concentrations (pmol)

Abbreviation MW IU mg pmol

hCG 37 500 1 0.11 2.9
hCGb 23 500 1 1 42.5
hCGa 14 000 1 1 71.4
hCGbcf 12 000 1 83.3

The WHO unit for hCG is based on its bioactivity while the corresponding

values for hCGb and hCGa are based on mass. Modified from (Stenman et al.,

2006).
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New standards for hCG and clinically important hCG-

related molecules have been prepared and approved by the

WHO as reference reagents (RR) for immunoassay (Birken

et al., 2003; Bristow et al., 2005). Immunoassays reflect molar

concentrations of protein rather than bioactivity. Therefore,

use of substance concentrations, that is, mol/l, is the only

appropriate way of comparing the concentrations of two or

several analytes (for example, hCG, hCGb and hCGbcf) of

different MW (Stenman et al., 1993). Furthermore, carbohy-

drate composition has rarely an effect on immunoreactivity

but it strongly affects bioactivity. Therefore, the RRs have

been assigned values in molar concentrations (Birken et al.,

2003; Bristow et al., 2005) (Table 2). The RRs are purer than

the 3rd IS and thus the bioactivity of the hCG preparation is

about 50% higher than that of the 3rd IS (Birken et al., 2003).

When the RRs are used as standards for immunoassay of

hCG, hCGb, hCGa and hCGbcf, the concentrations are

expressed in pmol/l.

The new RRs for nicked forms of hCG (hCGn) and hCGb
(hCGbn) are important for characterization of assay specifi-

city. Some antibodies do not recognize hCGn, which occurs

especially in urine (Cole et al., 1991; Hoermann et al., 1994).

Assays recognizing hCGn are therefore preferable for doping

control. As hCGbcf represents a major part of the hCG

immunoreactivity in urine, its standard is important for

characterization of assays used to determine hCG immuno-

reactivity in urine.

Some studies suggest that some hCG assays underestimate

hyperglycosylated hCG (hCGh) (Cole and Kohorn, 2006) but

we have not been able to detect any essential differences in

recognition between 14 commercial hCG assays (Stenman U

H and Alfthan H, unpublished). HCGh is anyhow a very

minor component in pharmaceutical urinary hCG prepara-

tions and recognition of this form is not important for

doping control.

A pharmaceutical preparation of recombinant hCG (rhCG)

produced in Chinese hamster ovary cells is now available

and is probably used for doping. For ovulation induction, a

dose of 250mg of rhCG is equivalent to 10 000 IU of urinary

hCG (Chang et al., 2001). In other studies 250mg of rhCG has

been found to have the same biological activity as 5000 IU of

urinary hCG (Gervais et al., 2003; Al-Inany et al., 2005). The

hCG content of this preparation is expressed on the basis of

the mass of the peptide moiety disregarding the carbohy-

drate content (Gervais et al., 2003). Thus 250 mg of rhCG

correspond to approximately 360 mg of urinary hCG. It can

thus be calculated to have a specific activity of 13 900 IU/mg

(Stenman et al., 2006), which is similar to the potency of

about 15 000 IU/mg of the new WHO hCG RR 98/688 (Birken

et al., 2003).

The O-linked carbohydrates on the CTP of rhCG differ

somewhat from those in pregnancy hCG (Gervais et al.,

2003). This can probably be used to differentiate between

native and recombinant hCG by mass spectrometry.

WHO has issued various standards for LH. Most immuno-

assays are calibrated against WHO IRP 78/549 or the more

recent IRP 80/552, which both have been purified from

pituitary extracts and calibrated in IU based on biological

activity. Standards for the subunits and core fragment of LH

are not available.

Function and metabolism

The secretion of LH is regulated by the gonadotropin-

releasing hormone (GnRH) that is a 10 amino acid peptide

produced by the hypothalamus. It is secreted through a

portal venous system leading to the anterior pituitary. GnRH

is secreted in a pulsatile fashion with 60–120 min intervals.

LH is therefore also secreted in pulses with the same

frequency. Boys have higher serum LH and testosterone

concentrations than girls during their first 6 months of life

after which they decrease to similar concentrations in both

genders. Puberty is initiated by increasing LH concentra-

tions. When measured by sensitive assays, the LH concen-

trations are below 0.05 IU/l before puberty and a

concentration above 0.2 U/l is a reliable sign of early puberty

(Apter et al., 1989). The start of puberty can also be detected

by measuring LH in urine and especially morning urine. An

increase in LH indicating the start of puberty can be detected

earlier in urine than in serum (Demir et al., 1996).

LH and hCG mediate their action through the LH receptor

(Alexander et al., 2007). LH regulates testicular testosterone

production in males and estradiol and progesterone produc-

tion in women. The main physiological function of hCG is

to maintain progesterone production of corpus luteum

during early pregnancy. When administered to males, hCG

and LH stimulate testosterone production in the Leydig cells

Table 2 IFCC nomenclature and WHO designations for the 1st International Reference Reagents for hCG and major hCG-related molecules occurring
in serum and urine

IFCC Nomenclature for hCG and related molecules Ampoule code

Molecule Symbol Description

Human chorionic gonadotropin, intact hCG hCG devoid of nicked forms and free subunits 99/688
Human chorionic gonadotropin, nicked hCGn Partially degraded hCG, missing peptide bonds in

the hCGb-40-50 region
99/642

Human chorionic gonadotropin, a-subunit HCGa Purified hCGa, dissociated from hCG 99/720
Human chorionic gonadotropin, b-subunit hCGb Purified hCGb, dissociated from hCG 99/650
Human chorionic gonadotropin, nicked b-subunit hCGbn Partially degraded hCGb, missing peptide bonds in

the hCGb-40-50 region
99/692

Human chorionic gonadotropin, b-core fragment hCGbcf Residues hCGb-6-40, joined by disulphide bonds to hCGb-55-92 99/708

Modified from (Stenman et al., 2006).
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of the testis, which is the basis for their use for doping. The

LH receptor is also present in a large number of tissues other

than the ovary and thus hCG (and LH) may have hitherto

unknown functions (Filicori et al., 2005). The hyperglycosy-

lated form of hCG (hCGh) produced in early pregnancy is

thought to mediate implantation of the early trophoblast

(Cole et al., 1999) but no receptor other than the LH receptor

has been identified (Stenman et al., 2006).

The free subunits lack hCG activity but hCGb may exert

growth-promoting activity in bladder cancer cells (Butler and

Iles, 2003) and prevent apoptosis in choriocarcinoma cells

(Hamada et al., 2005). It has been suggested that this effect is

mediated by interference with the growth-inhibiting effect

of TGFb, PDGF-b and NGF (Butler and Iles, 2004). HCGa
(GPHa) has been shown to stimulate prolactin production in

decidual cells (Blithe et al., 1991; Moy et al., 1996) and to

mediate decidualization of these (Nemansky et al., 1998).

The metabolism of hCG has been studied after delivery,

termination of pregnancy and after intramuscular injection

of hCG purified from pregnancy urine. The terminal half-life

of hCG in circulation is 1–1.5 days (Stenman et al., 2006) and

that of rhCG is similar (Gervais et al., 2003). After

intramuscular injection of 10 000 IU of urinary hCG the

serum concentration increase to around 500–1000 pmol/l

(170–300 IU/l) the first day and decrease exponentially to

below 10 IU/l within 7–12 days (Korhonen et al., 1997;

Stenman et al., 1997).

Early studies on the metabolism of LH in man indicated a

much shorter half-life (less than an hour) than for hCG (Yen

et al., 1968). However, recent studies with pharmaceutical

preparations of urinary and recombinant LH injected

intravenously show an initial (distribution) half-life of about

1 h and a terminal half-life 10 h. Recombinant and urinary

LH have very similar metabolism and biological activity (le

Cotonnec et al., 1998b). The short half-life of LH in earlier

studies has been ascribed to sulphation of the carbohydrates

(Manna et al., 2002); however, the carbohydrate chains of

recombinant LH are not sulphated but sialylated (Amoresano

et al., 1996; le Cotonnec et al., 1998b).

The hCG concentrations in urine are similar to those in

serum (Figure 1) and after intramuscular injection the peak is

reached some hours later in urine than in plasma. Urine

additionally contains hCGbcf at molar concentrations

similar to those of hCG (Stenman et al., 1997). With an

assay measuring hCG and hCGbcf together in an equimolar

fashion the concentrations measured will be approximately

twofold those of intact hCG. The urine concentrations of

hCGb are low and have little effect on the hCG results

(Alfthan et al., 1992b).

The urine concentrations of hCG vary due to variation in

urinary flow rate. Thus, the protein concentration of urine

regularly varies more than 10-fold, which is reflected in urine

densities between 1.002 and 1.030. To compensate for this,

the urine concentrations of hCG and LH are often normal-

ized to a density of 1.015 or 1.020 or divided by the

concentration of urine creatinine (Demir et al., 1994).

Therapeutic use of LH and hCG

The therapeutic use of hCG and LH in assisted reproductive

treatment provides information on the relative biological

effects of these hormones. Partially purified urinary hCG

preparations are used as a surrogate for LH to achieve final

oocyte maturation and ovulation in controlled ovarian

hyperstimulation protocols. Urinary hCG has mainly been

used but recombinant human LH and hCG (rhCG) are now

available (le Cotonnec et al., 1998b; Gervais et al., 2003).

The two- to threefold more rapid clearance of LH than of

hCG is reflected in the dose required to induce ovulation in

assisted reproduction. A single dose of 15 000–30 000 IU of

recombinant human LH is comparable to 5000 IU of urinary

hCG. After intramuscular or subcutaneous injection of such

doses, the LH concentrations return to baseline concentra-

tions in about 3 days (le Cotonnec et al., 1998b) as compared

with 6–7 days for hCG (Figure 1) (Stenman et al., 1997).

In males, hCG is used to treat infertility associated with

hypogonadism caused by defects in the hypothalamic—

pituitary axis, that is, hypogonadotropic hypogonadism. The

androgen deficiency of this condition is usually treated with

testosterone, which does not normalize spermatogenesis. If

the patient wants to father a child, testosterone is replaced

by gonadotropin treatment, usually a combination of FSH

and hCG (or LH), which usually restores fertility within 7–10

months but longer treatment may be needed (Zitzmann and

Nieschlag, 2000; Liu et al., 2002). Cryptorchidism in boys has

Figure 1 Comparison of hCG values in serum urine before (left) and after (right) correction of the urine hCG concentrations for urine density.
Reproduced from (Alfthan et al., 1993) with permission.
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also been treated with hCG, but because of side effects, this

treatment is presently not recommended (Thorsson et al.,

2007). HCG alone is not used for treatment of primary hypo-

gonadism but human menopausal gonadotropin has been

successfully used to treat hypogonadism caused by use of

anabolic steroids (Menon, 2003).

If used for doping in male athletes, LH can be expected to

stimulate gonadal testosterone production at normal or only

moderately elevated plasma and urine concentrations.

After intramuscular or subcutaneous injection of 5000 IU of

recombinant LH the peak serum concentration 1 day later is

about 20 IU/l (European Recombinant LH Study Group,

2001). Thus detection of illegal use of LH will be more

difficult than detection of hCG. Principally, recombinant LH

(but not urinary LH) can be distinguished from natural LH by

analysis of the carbohydrate side chains.

Gonadotropin-releasing hormone

Pulsatile injection of GnRH increases LH and FSH secretion

and stimulates gonadal steroid production. Idiopathic

hypogonadism is often due to defective secretion of GnRH

and this condition can be treated by delivery of GnRH with a

pump attached to a subdermal needle (Delemarre-van de

Waal, 2004). This treatment can also be used to normalize

testicular function that has been suppressed by long-term

use of anabolic steroids (van Breda et al., 2003). There is no

published information on the misuse of GnRH for doping

and it is not mentioned in the list of prohibited substances.

However, based on its activity its use can be considered

illegal but detection of GnRH would be very difficult because

this small peptide has a very short half-life (reviewed in

(Bergendahl et al., 1996)). When given in large doses, GnRH

analogues suppress gonadotropin secretion and continuous

delivery from subcutaneous capsules is widely used to

suppress testosterone secretion in men with prostate cancer.

Initially, this causes a transient increase in serum testo-

sterone. Thus is obvious that intermittent delivery of GnRH

analogues in suitable doses could be used to induce

prolonged stimulation of gonadotropin and testosterone

secretion.

Effect of gonadotropin administration on the
testosterone—epitestosterone ratio in urine

Testosterone is one of the most commonly used drugs for

doping. It can be reliably measured in urine by mass

spectrometry, but because untimed samples are used for

doping control, the concentration as such is not a sensitive

indicator of illicit use. However, determination of the

testosterone—epitestosterone (T/E) ratio in urine is a reliable

sign of testosterone administration. Testosterone and epites-

tosterone are secreted at equal concentrations by the testicles

and the average T/E ratio in urine is close to 1. Administra-

tion of testosterone causes suppression of gonadotropin

secretion leading to reduced testicular production of testo-

sterone and epitestosterone. Thus exogenous testosterone

leads to an increased T/E ratio and a ratio exceeding six is

used to indicate testosterone doping (Kicman et al., 1990).

Simultaneous use of gonadotropins and testosterone can be

expected to reduce the T/E ratio by increasing the testicular

secretion of epitestosterone (and testosterone). Administra-

tion of hCG alone does not affect the T/E ratio (Cowan et al.,

1991) but repeated administration of testosterone and hCG

has been shown to suppress the increase in T/E ratio seen

when testosterone was given alone. This study comprised

only a single male athlete, but the results are expected and

probably representative. However, the effect of hCG on the

T/E ratio is limited and, depending on timing and dosage of

the hormone preparations, the ratio may not be normalized

(de Boer et al., 1991).

Effect of oestrogen blockers

Clomiphene citrate has been used for decades to increase

gonadotropin secretion and induce ovulation in women

with anovulatory infertility. Several oestrogen blockers with

different mechanisms of action have been developed

especially for treatment of oestrogen receptor-positive breast

cancer. As a result of their oestrogen blocking effect, they

also inhibit the negative feedback of estradiol on the

hypothalamic–pituitary axis. Use of oestrogen blockers has

not been shown to increase testosterone concentrations in

women (reviewed in (Handelsman, 2006)), but in men,

clomiphene citrate has successfully been used to reverse

premature andropause caused by steroid abuse (Tan and

Vasudevan, 2003) and to cure hypogonadotropic hypogo-

nadism in a male runner (Burge et al., 1997). Thus it is

possible that oestrogen blockers are used to stimulate

gonadotropin and testosterone secretion for doping pur-

poses in males.

Nomenclature for hCG assays

The first assays for hCG using antisera raised against intact

hCG also measured LH, but a specific radioimmunoassay was

developed using a rabbit antiserum (SB6) prepared by

immunization with hCGb (Vaitukaitis et al., 1972). This

explains why the expressions ‘b-hCG assay’ or ‘hCG-beta

assay’ have become erroneously used to describe hCG assays

that do not cross-react with LH. Most commercially available

hCG assays measure hCG and hCGb together. The Inter-

national Federation of Clinical Chemistry recommends that

assays should be exactly defined according to what they

measure, for example, hCG and hCGb separately or together

(Stenman et al., 1993).

Determination of hCG

For clinical purposes, hCG is determined by immunoassays

but methods based on immunoextraction and mass spectro-

metry have been developed especially for doping control.

These are intended for use as confirmatory tests but there are

no reports on their actual use. Immunoassays are therefore

used and the only requirement of World Anti-Doping
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Agency is that the assay should have a detection limit of at

least 5 IU/l and that two different assays should be used

(Kicman et al., 1991).

Effect of assay design on specificity and sensitivity

Virtually all presently used commercial hCG assays are based

on the sandwich principle, that is, one antibody coupled to a

solid phase captures hCG from the sample and another

antibody labeled with an enzyme, a fluorophor or a

luminescent marker is used to measure the amount of bound

antigen. Most assays use two monoclonal antibodies whereas

a few use a combination of a monoclonal antibody and a

polyclonal antiserum. The use of monoclonal antibodies

with known epitope specificity facilitates design of assays

specific for each form of hCG (Bidart et al., 1985; Alfthan

et al., 1992a). The assays used by various doping control

laboratories have not been described and no assays have

been designed specifically for doping control.

Several antigenic regions on hCG have been characterized;

five epitopes can be discerned on hCGa (a1–a5) and seven on

hCGb in intact hCG (b1–b5, b8–b9). Epitopes b8 and b9 on

CTP recognize hCG and hCGb. Four epitopes (C1–C4) occur

only on intact hCG and two (C1 and C2) are lost in nicked

hCG (Hoermann et al., 1994). Two epitopes (a6 and a7) are

specific for free hCGa, whereas b6 and b7 occur only on free

hCGb (Berger et al., 1996). The specificity of an assay can be

deduced from information on the epitopes recognized by the

monoclonal antibodies used (Berger et al., 2002) but exact

information on assay specificity can only be obtained by

analyzing well-defined forms of hCG with the final assay

(Birken et al., 2003).

Although the variation in carbohydrate composition has

limited effects on immunoreactivity (Schwartz et al., 1991;

Lottersberger et al., 2003) two monoclonal antibodies

recognizing certain carbohydrate variants have been devel-

oped. Antibodies B152 and CTP 104, which were prepared

against hCG isolated from the urine of a choriocarcinoma

patient, recognize carbohydrate epitopes (Kovalevskaya

et al., 1999). Epitope of B152 consists of a biantennary core

2 o-glycan on Ser132 and adjacent peptide structures on

hCGb whereas CTP 104 reacts with a sialylated glycan on

Ser138 (Birken, 2005). The expression ‘hyperglycosylated

hCG’ was initially used to denote hCG with larger than

normal carbohydrate chains, but presently it usually denotes

the forms of hCG detected by assays using antibody B152

(Birken, 2005).

Design of hCG immunoassays for various purposes

Virtually all commercial hCG assays are designed for

determination of serum samples whereas urine is used for

doping control. Urine samples are also used for pregnancy

tests and for identification of false-positive results in serum

samples. In pregnancy, hCG is the main form in serum but

hCGb often occurs in patients with trophoblastic, testicular

and nontrophoblastic cancers. Most serum assays are there-

fore designed to measure hCG and hCGb together (Stenman

et al., 2004). Only a few commercial hCG assays detect

hCGbcf but they tend to underestimate that variant. This is

not a problem for assay of serum, which contains very little

hCGbcf (Alfthan and Stenman, 1990). Many assays utilize an

antibody to CTP in combination with another antibody to

hCGb and these do not detect hCGbcf, which lacks CTP.

Furthermore, CTP antibodies have only moderate affinity

(Berger et al., 2002), which limits assay sensitivity. Although

most assays measure both hCG and hCGb, these are not

always detected equally (Cole and Sutton, 2003). Assays

using one antibody to hCGb to capture hCG together with

an antibody to hCGa as a tracer are specific for hCG, and

some of the most sensitive assays for hCG are based on this

principle (Pettersson et al., 1983; Alfthan et al., 1992a).

Separate assay of the various forms of hCG provide valuable

information in many clinical conditions, but few labora-

tories maintain more than one assay (Stenman et al., 2006).

Assays detecting hCG, hCGb and hCGbcf together would

be advantageous for measurement of hCG immunoreactivity

in urine, which mostly contains hCG and hCGbcf whereas

the content of hCGb is low (Stenman et al., 2006).

Immunoassays based on the binding inhibition principle,

that is, classical radioimmunoassays, usually recognize most

forms of hCG. Determination of hCG in urine with such

assays has certain advantages for detection of a relapse after

treatment of trophoblastic tumours (Mitchell, 1999), but

they are generally less sensitive than sandwich assays. It is

complicated to design assays detecting all forms of hCG

equally with the sandwich principle (Stenman et al., 2006).

Sensitive assays that are specific for hCGb have been

developed in several laboratories (Ozturk et al., 1987; Alfthan

et al., 1988) but commercially available hCGb assays are

usually intended for maternal screening of Down’s syndrome

and not suited for determination of the low concentrations

occurring in serum of cancer patients (Stenman et al., 2004).

Because most of hCGb is broken down to hCGbcf when

excreted through the kidneys, specific assay of hCGb is of

limited utility for assay of urine samples (Alfthan et al.,

1992b).

Determination of hCGbcf and other degraded forms of

hCG in urine (also called urinary gonadotropin fragments, or

urinary gonadotropin peptides) has been shown to be useful

for detection of several forms of nontrophoblastic cancer

(O’Connor et al., 1988; Alfthan et al., 1992a; Cole, 1998).

Although determination of hCGbcf is potentially useful for

doping control, no assays are presently commercially avail-

able. Assay of hCG immunoreactivity in urine is further

complicated by large variations in urinary flow rate, which is

partially eliminated by normalization against urinary crea-

tinine or density (Alfthan et al., 1993; Ngan et al., 1995). The

correlation between hCG concentrations before and after

correction for urinary density is shown in Figure 2.

Mass spectrometry

The introduction of soft ionization techniques has had a

considerable impact on the analysis of large biomolecules,

including the analysis of gonadotropins and related mole-

cules (Kicman et al., 2007). Two ionization methods are
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widely used, matrix assisted laser desorption and ioniza-

tion—time of flight (MALDI–TOF) and electro spray ioniza-

tion (ESI). MALDI–TOF has a large mass range comprising

most serum proteins and it mainly produces singly charged

ions of proteins and peptides, which simplifies interpreta-

tion. However, the sensitivity of this technique decreases

rapidly with increasing molecular weight and it is not a

quantitative technique (Hortin, 2006). Mass spectrometers

using ESI are usually coupled to a liquid chromatograph

facilitating separation of peptides and proteins by reverse

phase chromatography before MS analysis. The mass-to-

charge (M/Z) range is limited to about 3000 Da, but because

ESI produces multiply charged ions, it is possible to

accurately determine the mass of proteins. For analysis by

ESI techniques, proteins are usually digested enzymatically

to peptides, which can be accurately quantitated. Triple

quadrupole instruments, which are widely used for doping

control of drug abuse, are also suited for quantitative

determination of peptides. Hybrid mass spectrometers with

both quadrupoles and a TOF unit are used for structural

analysis of peptides but they are less suitable for quantitation

(Valmu et al., 2006). High-resolution MS methods, for

example, Fourier transform ion cyclotron resonance and

Orbitrap, provide a substantial improvement in resolution

and detection limit, but they are expensive and not widely

available.

HCG and its subunits are very heterogeneous due to

variation in carbohydrate structure, which complicates

quantitation, but various forms of hCG in urine have

successfully been characterized by MS (Laidler et al., 1995;

Liu and Bowers, 1997; Valmu et al., 2006; Kicman et al.,

2007). The concentrations of proteins in urine are about

1000-fold lower than in plasma, approximately 1mmol/l,

which is still more than 100 000-fold that of hCG in urine of

healthy males, that is less than 10 pmol/l. Thus direct

analysis of hCG in urine is not feasible, but hCG can be

extracted from urine by immunopurification and then

reduced, alkylated and digested with trypsin. Most of the

resulting peptides can be detected by mass spectrometry and

the nonglycosylated ones used for quantitation. This

requires the use of an internal standard labeled with a stable

isotope, but accurate quantitation is possible only if the

protein is quantitatively extracted and completely digested.

HCG occurring at concentrations of 5–25 IU/l has been

detected by mass spectrometry after immunoextraction (Liu

and Bowers, 1996; Gam et al., 2003). However, without the

Figure 2 Serum and urine concentrations of hCG (Pregnyl) and urine concentrations of hCGbcf after intramuscular injection of 10 000 IU of
hCG (Pregnyl) to women for induction of ovulations. The upper panel shows concentrations of women who did not and the lower one of
women who conceived. Modified from (Stenman et al., 1997) with permission.

Gonadotropins in doping
U-H Stenman et al 575

British Journal of Pharmacology (2008) 154 569–583



use of an internal standard, the determination is not

quantitative. Isotope-labeled hCG would facilitate monitoring

of both extraction and digestion, but such a standard can

presently be obtained only by biosynthesis and has not yet

been produced. Furthermore, part of the immunoreactive

hCG in urine is present as fragments, which may or may not

be extracted by the immunoaffinity methods. These pro-

blems need to be solved before mass spectrometry is a viable

alternative to immunoassay for determination of hCG in

urine.

Mass spectrometry is a potentially useful reference method

for protein determinations. Such a method has recently been

developed for insulin using an isotope-labeled synthetic

insulin internal standard. The standard was added to plasma

and extracted together with native insulin by immuno

adsorption after which insulin was determined with a triple

quadrupole instrument. Recovery of the internal standard

added to plasma was 30–40% (Van Uytfanghe et al., 2007).

This demonstrates the necessity to use an internal standard

corresponding to the protein to be measured rather than a

standard consisting of the peptide(s) used for quantitation.

Assay methods for LH

Luteinizing hormone is also determined by immunoassay,

but assay characteristics and decision limits to be used for

doping control have not been issued. A recent report aiming

at defining reference values for LH in urine samples from

top-level female and male athletes was recently published

(Robinson et al., 2007).

Presently all commercial LH immunoassays are based on

the sandwich principle using two monoclonal or in some

cases one monoclonal capture antibody and a polyclonal

detector antibody. The choice of reagents is critical because

some antibodies do not detect a fairly common variant of LH

(Pettersson and Soderholm, 1991). The anomalous variant

has two point mutations in the gene for LHb, Trp8Arg and

Ile15Thr and 0–50% of various populations are homo- or

heterozygous for these mutations (Raivio et al., 1996). Some

monoclonal antibodies do not recognize the LH variant

while other antibodies underestimate it. This explains the

considerable variation in LH results obtained in earlier used

assays (Vermes et al., 1991). Antibodies detecting wild-type

and variant LH equally are available, and the problem is well

known. However, based on data from quality assessment

programs, there are still two-fold differences in the results

obtained by some LH assays (Alfthan H and Stenman UH,

unpublished).

Like hCG, LH is excreted into urine at concentrations

similar to those in serum. A substantial part of LH is

degraded into LHbcf during passage through the kidneys.

This fragment is detected by some but not by other

immunoassays. In menstruating women, the peak of LH

immunoreactivity in urine often appears 2–3 days after the

LH peak in serum and this peak is caused by delayed

excretion of LHbcf (O’Connor et al., 1998). It is therefore

important to know the specificity of the LH assays used for

doping control.

Reference values for various forms of hCG

The concentrations of hCG in healthy men have to be

considered when using hCG determinations in urine for

doping control. The presence of hCG in urine from

nonpregnant subjects was first demonstrated with an

immunoassay utilizing an antibody to CTP (Chen et al.,

1976) and hCG was later isolated from pituitary extracts

(Birken et al., 1996). Low concentrations of hCG occur in

serum from men and nonpregnant women and the con-

centrations increase after the menopause in women whereas

a smaller increase is observed in men after 60 years of age

(Alfthan et al., 1992a). The secretion of pituitary hCG is

regulated by GnRH in the same way as LH secretion, and in

postmenopausal women the concentrations can be sup-

pressed by oestrogen treatment (Stenman et al., 1987). The

serum concentrations fluctuate in a pattern similar to that of

LH (Odell and Griffin, 1987). The hCG concentrations

expressed in IU/l are about 3–10% of those of LH. These

results indicate that hCG in serum from men and non-

pregnant women is mainly derived from the pituitary (Odell

and Griffin, 1987; Stenman et al., 1987). Low-level expres-

sion of the genes for both hCG subunits occurs in the testis,

breast, prostate and skeletal muscle (Bellet et al., 1997) but it

is unlikely that these tissues secrete measurable amounts of

hCG into circulation. The pituitary produces free a subunit

(GPHa) in excess of the b subunits and concentrations up to

100 IU/l occur in men and menstruating women and they

increase further after the menopause (Stenman et al., 2006).

Serum from healthy men and nonpregnant women

contains hCGb at low concentrations that do not increase

with age (Alfthan et al., 1992a). Elevated serum concentra-

tions occur in 30–70% of patients with non-trophoblastic

cancer (Marcillac et al., 1992) and this is associated with

similar concentrations of hCGbcf in urine (Alfthan et al.,

1992a). This is a potential cause of increased hCG immuno-

reactivity in urine.

The reference values for hCG, hCGb and hCGbcf in urine

are important when determination of hCG is used for doping

control (Table 3). To facilitate comparison of the concentra-

tions of various forms, they are expressed in pmol/l and for

Table 3 Reference limits for serum and urine concentrations of hCG,
hCGb and hCGbcf in nonpregnant women and in men

Women Men

Menstruating Postmenopausal o50 years X50 years

(pmol/l) IU/l (pmol/l) IU/l (pmol/l) IU/l (pmol/l) IU/l

Serum
hCG 8.6 3.0 15.5 5.4 2.1 0.7 6.1 2.1
hCGb 1.6 2.0 1.9 2.1
Total hCG 9.0 17.0 3.2 7.1

Urine
hCG 8.8 3.1 11.5 4.0 2.9 1.0 8.4 2.9
hCGb 1.7 4.3 1.3 3.6
hCGbcf 8.1 9.5 6.7 8.5
Total hCG 13.6 20.4 8.0 21.5

Modified from (Alfthan et al., 1992a).
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hCG also in IU/l. One IU of hCG corresponds to 0.11 mg and

2.9 pmol, that is, the values in pmol/l are roughly threefold

those in IU/l (Table 1). The concentrations of hCGb are

seldom expressed in IU/l based on its own standard (the 3rd

IS) but rather in pmol/l (Stenman et al., 1993).

We have determined the reference values for hCG in serum

and urine on the basis of values in 1029 serum and 432 urine

samples from men and women of various ages and calculated

the upper reference limit using the 97.5th percentile. For

serum hCG the limits are 3 and 5.4 IU/l in fertile and

postmenopausal women, respectively, whereas those for

men below and above 60 years of age are 0.7 and 2.1 IU/l,

respectively (Table 3). Occasional values up to 8 IU/l may be

observed in women and up to 5 IU/l in men (Figure 3). The

upper reference limit for hCGb is 2 pmol/l both in men and

women and it is not dependent on age. The concentrations

of hCG and hCGb in urine are slightly higher than those in

serum. Importantly, urine contains hCGbcf at concentra-

tions similar to those of hCG (Figure 4). Therefore, the

concentration of total hCG immunoreactivity in urine

(calculated by adding the values of hCG, hCGb and hCGbcf

in each subject) is about 30% higher than in serum in

women and two times as high in men (Table 3). This has to

be taken into account if assays recognizing all these forms are

used to measure hCG in urine. Reference values for hCG in

urine have been established for only one commercial assay

whereas values for hCGb and hCGbcf are based on in-house

methods (Alfthan et al., 1992a). Reliable information on the

reference values and recognition of the various forms of hCG

in urine by other commercial assays is not available.

The values in Table 3 were determined by highly sensitive

immunofluorometric assays and are strictly valid only for

these (Alfthan et al., 1992a). The calibration of assays varies

and in a study on the suitability of two commercial hCG

assays for doping control with urine samples, a 30%

difference in calibration was observed (Shahzad et al.,

2007) and twofold differences are observed in quality

assessment schemes (Alfthan H and Stenman UH, unpub-

lished). An upper reference limit for serum hCG of 5 IU/l is

recommended in most textbooks but higher upper reference

limits need to be used for many commercial methods. Serum

concentrations up to 14 IU/l were observed in a recent study

on 720 women (Snyder et al., 2005). It is necessary that

reference values for urine are determined for each assay. Very

few assays are approved for determination of hCG in urine

and it is actually surprising if athletes can be banned on the

basis of results that have been determined with methods that

have not been validated for assay of hCG in urine. The salt

concentration in urine may vary more than 10-fold which

affects the affinity of some antibodies. Validation of assays

used for urine samples is therefore important.

Chemotherapy used to treat malignant tumours often

induces gonadal suppression and elevation of serum hCG to

‘postmenopausal’ concentrations (Stenman et al., 2004). This

Figure 3 Distribution of serum concentrations of hCG (upper panel) and hCGb (lower panel) in 423 men and 606 women. Reproduced from
(Alfthan et al., 1992a) with permission.
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is important when young men treated for testicular cancer

are monitored by determination of hCG. We recently

observed serum concentrations of hCG increasing from less

than 1 to 4 IU/l in a young man who had gonadal

malfunction after unilateral orchiectomy for a seminoma.

The hCG concentration increased over several months when

he stopped using testosterone replacement. The condition

was identified on the basis of highly elevated serum

concentrations of LH and FSH, and these and the hCG

concentration were suppressed by testosterone replacement

(Lempiainen et al., 2007).

Reference values for LH

GnRH is released from the hypothalamus in intermittent

secretory bursts resulting in a pulsatile secretion of LH and

FSH. The pulsatile mode of GnRH release is critical for

physiological function of the gonadotrophs and a prerequi-

site for normal reproductive function. Normally, the peak

interval is 90–120 min and the difference between nadir

and peak concentrations is often more then threefold

(Bergendahl et al., 1996). In fertile women the concentra-

tions additionally vary during the menstrual cycle, although

Figure 4 Distribution of urine concentrations of hCG (upper panel) and hCGb (lower panel) in 172 men and 423 women. (Alfthan et al.,
1992a) Reproduced with permission from Clinical Chemistry.
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they are fairly stable in males. Reference values determined

by the Abbott Architect method for LH in serum of ovulatory

women were recently published. During the follicular and

luteal phases the LH concentrations varied between 3 and

10 IU/l and during the LH surge from 21 to 74 IU/l (Stricker

et al., 2006). These values are valid only for this assay, and

comparison of the result in the Finnish Labquality quality

control programme show that the results for other assays are

between 60 and 150% of those obtained with the Architect

assay (Alfthan H and Stenman UH, unpublished). Values for

LH in urine corrected for urinary creatinine have been

determined with the Perkin-Elmer Wallac Delfia assay. There

was larger variation between individuals and the concentra-

tions tend to increase between early and late follicular phase

being in the range 1–25 IU/g creatinine. During the LH peak

values of 30–100 IU/g creatinine were reached and after the

peak the concentrations slowly decreased to less than 10 IU/g

creatinine by the end of the luteal phase. It is notable that

this assay detected LHbcf (Park et al., 2007), but this form is

not detected by the LH assay presently available from this

manufacturer. To establish cutoff levels to be used for doping

control, LH was determined by the Access LH assay from

Beckman Coulter and the Elecsys LH from Roche in urine

samples from 1066 male and 552 female athletes sent to a

doping control laboratory. The correlation between the

assays was acceptable (R¼0.953) and the slope of the

regression line was 1.04 but up to 50% differences were

observed in some samples. The 99.9 percentile was 37 IU/l in

women and 15 IU/l in men. The results were not corrected

for variation in urinary flow rate (Robinson et al., 2007).

Sample handling

Gonadotropins are much less stable in urine than in serum

and care should be taken to avoid loss of immunoreactivity.

Addition of glycerol to a concentration of 7% and storage of

the samples at �25 1C has been shown to retain LH immuno-

reactivity (Livesey et al., 1983). However, it is not known

whether the assay used recognized LH fragments, which might

have formed during storage. In our experience, LH is stable for

several weeks when stored at þ4 1C with sodium azide

(0.02%) to prevent bacterial growth (Demir et al., 1994).

When stored at �20 1C a highly variable loss of immuno-

reactivity may occur, in some samples more than 90% is lost.

The loss depends on storage time, but in some samples it

occurs after a single round of freezing and thawing.

HCG is somewhat more stable than LH, but freezing at

�20 1C may cause rapid loss of immunoreactivity. In some

samples the loss of hCG is accompanied by a corresponding

increase in hCGb, indicating dissociation of the subunits,

but in some samples all forms of immunoreactivity are

reduced. Fresh urine contains rather little hCGb and the

presence of this form in urine is usually a sign of

inappropriate storage. HCGbcf is somewhat more stable

than hCG, but there is large variation between samples. Like

LH, hCG is quite stable when stored at þ4 1C with 0.02%

azide (Stenman et al., 2006). Nonspecific adsorption of

urinary proteins to the walls of certain plastic tubes is a

further preanalytical problem. In concentrated samples the

loss is small but in very dilute ones it may be substantial.

Unusual causes of positive hCG results

An elevated hCG concentration in serum of a man is a strong

indication of testicular cancer although nontrophoblastic

tumours may produce only hCGb, which is detected by most

hCG assays. Therefore, patients with a falsely elevated hCG

value caused by nonspecific interference have inadvertently

been treated as cancer patients (Rotmensch and Cole, 2000).

Heterophilic antibodies are the most common causes of

falsely elevated immunoassay results in serum (Stenman

et al., 2006), but immunoglobulins are not excreted into

urine and therefore this is not a problem in doping control.

False-positive results in serum can actually be identified by

measuring hCG in urine (Stenman et al., 2004).

Production of hCG by a testicular cancer is a potential

cause of elevated hCG values in urine of a young man,

whereas tumours producing hCGb are likely to cause

elevation of hCGbcf in urine, which may lead to a positive

result with some assays. However, it is unlikely that this

condition is misinterpreted to indicate doping. If a tumour is

suspected, the hCG concentrations should be measured in a

serum sample.

Evidential analysis—what is fit for the purpose?

Gonadotropins are probably widely used to normalize

testosterone secretion after administration of anabolic

steroid hormones, but demonstration of illicit use is

complicated by the presence of both hCG and LH in plasma

and urine. The physiological concentrations LH vary con-

siderably due to ultradian and circadian fluctuation and the

concentrations in urine are additionally dependent on more

than 10-fold variations in urinary flow rate. Furthermore,

part of LH and hCG occur in urine as fragments, which are

differently detected by various assay methods. Mass spectro-

metry is not expected to solve these problems soon.

Detection of gonadotropins in urine is furthermore compli-

cated by poor stability when urine is frozen at �20 1C. To

make detection of illicit use of gonadotropins reliable it is

therefore necessary to optimize the whole chain of events

from sample collection and handling, selection of assay

methods, establishment of reference values and definition of

decision limits.

The methods used to determine hCG have changed since

the studies, on which the present recommendations are

based, were performed. Therefore, there is an urgent need to

validate the assays presently used for doping control. The

radioimmunoassay initially used have been replaced by more

sensitive immunometric assays based on the sandwich

principle and some automated assays can reliably detect

hCG concentrations below 1 IU/l, that is, well below decision

limits that are relevant for doping control (Alfthan et al.,

1992a; Stenman et al., 2006). This eliminates the need to

concentrate urine before immunoassay, which was consi-

dered necessary with some earlier assays (Cowan et al., 1991;
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Laidler et al., 1994). Cross-reaction with LH, which was a

problem in early hCG assays, is not an issue any more.

The variable concentrations of salts and metabolites in

urine are a potential source of immunoassay interference.

Because most assays have been designed for assay of serum,

the calibrators are usually serum-based. The high salt

concentration that may occur in urine reduces the affinity

of some antibodies, which might cause a false low result in

sandwich assays. This problem can be avoided by the use of

inherently sensitive assays in which the sample volume is

small in relation to the assay volume. This should be

ascertained by spiking urine samples of various densities

with hCG standards.

Owing to the occurrence of fragmented forms of hCG in

urine, it is necessary to determine the specificity of the assay

used. Specific determination of the three major forms of

hCG in urine shows that the upper reference limit for ‘total

hCG immunoreactivity’ (hCG, hCGb and hCGbcf) is 2 to

threefold that of hCG alone (Table 3). The assay specificity

should be determined using the WHO reference reagents

(Birken et al., 2003). Furthermore, the decision limits of each

assay should be determined using a sufficient number of

urine samples collected under the same conditions as used

for doping control. Due to variation in assay standardization

and specificity (Stenman, 2004) the decision limits indicat-

ing illicit use of hCG are likely to be assay specific. The

decision limit of 10 IU/l proposed by Laidler et al. (1994) is

probably fairly safe, but this has to be verified. As a first step,

the assays and decision limits used in different doping

laboratories should be reported. A limited number of

methods should be extensively validated and those found

suitable selected for routine use. Ideally, the methods used

for doping control should be identically standardized, but

this goal is unrealistic if commercial methods are used

(Stenman, 2004). Establishment of hCG assays specifically

designed for doping control is possible, but it is unlikely that

all doping laboratories would be able to maintain such

methods.

Determination of LH and the testosterone/LH ratio has

been shown to provide additional evidence for self-admin-

istration of testosterone (Kicman et al., 1990) but LH assays

are not included in the testing protocol. If adopted for use in

doping control, the assays used should be evaluated in the

same way as hCG assays.

Sample handling also needs to be standardized. The

presently used handling protocols are likely to cause loss of

hCG and LH immunoreactivity. Although this does not

cause false-positive results, it renders the use of stored

samples for establishment of reference values questionable.

Although glycerol is a potentially useful additive, it is

incompatible with the mass spectrometric methods used to

analyze hormones and drugs. This problem needs to be

studied and optimal methods developed.
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